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CONCEPT: 


G 

r ,0 


P-olym er 
Electrolyte 

/ Li 1 " Ion . 
^Carrier ' 


© 


< H > 


Li Insertion m 
H osts true ru re' 




or 

lithium alloy 


Polyethylene cxide 
+ 

Lithium salt (LiX): 


Lithium insertion 
•electrode: Ti Sli^Qla • 


MAJOR TECHNOLOGICAL FEATURES: 
Solid-state device 
Lithium-reversible electrodes 
Thin-film multilayer technology 


POLYMER ELECTROLYTE CHARACTERISTICS: 
Lithium ion carrier 

Mechanical interelectrode separator ' 
- Binder for composite electrodes 
Large surface-to-thickness ratio 
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INTRINSIC DIFFERENCES BETWEEN -SPE LITHIUM BATTERY 
AND EXISTING AQUEOUS SECONDARY BATTERIES 


I.EAD-ACID BATTERY 


(-)' 



H2S0 4 -H 2 0 



(+) 



N.B. Electrolyte participation in electrode reactions 
Over ail raactnion: Pb + Pb0 2 + 2H 2 S0 4 £ 2PbS0 4 + 2H 2 0 
Energy density (Wh/kg): 250 (theoretical), —25—35 (practical, —1/8) 
Secondary reaction: H 2 0 ^H 2 + 1/2 0 2 
% Effiiciency (Ah and Wh): 85 and 70—759b 

Cycling characteristic (full discharges): short cycle life (300 cycles) 
Operating-temperature range: —20 to 40 °C (-40 for SLI use) 


NICKEL-CADMIUM BATTERY 



N.B. Water participation in electrode reactions 
Overall reaction: Cd + 2 NiOOH + 2H 2 0 ^ 2Ni(OH) 2 + Cd(OH) 2 
Energy density (Wh/kg): 245 (theoretical), —35 (practical, —1/7) 
Secondary reaction: HjO $ H 2 + 1/2 O 2 
9b Efficiency (Ah and Wh): 70 and 60-659F 

Cycling characteristic: good cycle life (500-1000 cycles), memory effect 
Operating-temperature range: -40 to 50°C 


SPE LITHIUM BATTERY 


(-) 


• y *' 

VVL 


Li° 

* s S' 


sy 


Li + ion carrier — 


TiS 2 (or VO x ) 


y y y y y y 


(+) 


N.B. SPE is simply a Li + ion carrier that can be made ultra-thin 
Overall reaction: T 1 S 2 + xLi° ^ Li x TiS 2 

Energy density (Wh/kg): 480 (theoretical), —120 (practical, —1/4) 
Nb secondary reaction 

% Efficiency (Ah and Wh): —100 and 85-959b 

Cycling characteristic: full discharge capability (600 cycles) 

Operating-temperature range: -10 to 130°C 
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THE POWER ROLL CONCEPT. 


2020128866 




0 


Source: https://www.industrydocuments.ucsf.edu/docs/ttgmOOOO 








advantages OF SEE over emerging liquid organic electrolyte batteries 


Ma^eoai costs aaad manufacturing: 

. high au4oma>tizaiion potential of plastic-film manufacturing processes (power roll concept) 
. tow-cost materials (especially the electrolyte/separator) 

. ease of assembly and packaging of an alT-solid—slate derice (with no liquid, gas or vapor 
pressure) 

TpH component compatibility and LL-batterv safetv: 

greater choice of cell materials (cathodes, anodes, polymer and Li-salts) because of 
improved "stability” in all-solid system 

. no arsenic- of perchlorate-based Li-saltS required for achieving cell cyclability 

4 

all active materials embedded in ion-diffusion rate-limited plastics that can be rendered 
non-melting by crosslinking 

Combination of the threejessential Li-batterv cvdabiUtv factors: 

. low electrode surface loading and low current densities 
. t hin homogeneous separator to avoid Li dendrites 

. elastomeric binder for composite—cathode cyclability and processability 



Source: https://www.industrydocuments.ucsf.edu/docs/ttgmOOOO 
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frustration i of conformational flexibility of linear polyether in. order to solvate ions 
Conductivity. depends on: 

- complex formation (solvation/lattice energy): 

- carrier concentration (dissociation)' 

- carrier mobility (chain mobility, VTF): 

- presence of amorphous phases 

- phase diagram relationship, (nature of the anion) 

Electrolyte conductivity improvement by: 

- polymer modification (crystallinity and Tg 
reduction) 

- lithium salt properties (concentration, 
plasticizer anion) 

Conductivity performances and general trends: 

EO chains are still the best solvating units for 
optimum conductivity, (c.f. •PE0-LiCl04' / > 70°C) 

PEG 1 modifications, make good conductivity possible 
at room> temperature 

successful electrolytes are essentially made of 
EO chains,, e.g. networks, polyphospnazenes.... 
anion transport’is usually present and is 
effected by polymer modification 

newly developed electrolytes need to be validated 
b Y long periods of cell cycling 



Source: https://www.industrydocuments.ucsf.edu/docs/ttgmOOOO 
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ELECTROLYTES ELECTRODES CELL TESTING ENGINEERING 
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PERFORMANCE OF POLYMER E LECTROL YTE CELL S 
oom Temperature Performances at 2jP C 
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Utilization (%) 

Part of detailed study to be published! at JECS Fall meeting. 
Honolulu oct. 87 (G. Vassort - IREQ) 
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Effect: of temperature: 
improved performance. 
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Sustained power (W/i) 
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ANALYSIS OF MEAD’S PATFNTS 


M. Z. A. Munshi 


Cathode Composition and Method for Solid State Lithium Battery. U.S. Patent # 
4,576*883, 

Mar 18, 1986. Henry F. Hope and Stephen F. Hope. 


This patent describes the use of Li-Al alloys, formed by cathodic reduction of A1 
foil soakedana lithium salt solution, as a means of reducing the lhrge excess of lithium as the 
anode.Polymer electrolyte formed by milling heated polymer (e.g, polyethylene oxide) with 
crystals of the lithium salt to obtain uniform mixing, or via solvent-solute mixing followed by 
doctor blade casting directly on to the cathode. 25pm thick reproducible layers are possible. ‘ 

The cathode comprise of a multiplicity of spheres, each sphere consist of a 
vanadium oxide core encapsulated in a polymer film. The polymer film consist of an inorganic salt 
andiactivated carboni The YPl 3 was prepared! by thermal decomposition of NH 4 VO 3 with the 

resulting agglomerate size of 100-500pm powder ground further to reduce to several microns. The 
composite cathode was formed by emulsifying the VgOjj, polymer, carbon anddithium salt in an 

organic solVentand casting via the doctor blade technique. The patent teaches that this kind of 
cathode construction have increased surface area, increased performance characteristics and 
increased active life in which the insertion compound is encapsulated in an electronically and! 
ionicaliy conducting polymeric material. The principal advantage of encapsulating the insertion 
compound! ini the polymeric sphere is a large increase in the available active surface area of the 
cathode. The insertion'compound is also mechanically fixed which increases the active life of the 
cathode layer.They cited typical inorganic salts and polyethylene oxide as the polymer. 

The whole process and claims made in the patent is common knowledge to 
everyone involved in polymer electrolyte battery work. Everything in the patent has appeared in the 
open literature. Although they do not refer to the early published work of Hboper and North' 

(1983) which describes in some detail the operation of a polymer electrolyte battery, they do 
reiterate muchof their work. ■ 


Source: https://www.industrydocuments.ucsf.edu/docs/ttgm6006 
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Solid State Electrochemical Device. U. S. Patent #' 4,638,407, Jan 20, 1987. 
Jorgen S. Lundsgaard. 


An all-solid-state double layer capacitor and an all-solid state multi-cell 
elfectrochemieal device utilizing lonically conducting polymer electrolytes are disclosed! 

The background of the inventionidiscusses the general'layout of an electrochemical 
capacitor containing a liquid or paste electrolyte. The patent discloses plastic bonded - C 

structures (similar to U.S. Patent # 4.576,883) as.composite cathode material. It discusses the 
concept of obtaining high-surface.area cathodfe via the patent of Hope et el, and utilizing them with • 
polymer, electrolytes in devices such as capacitors and multi-cell bipolar electrode stacks. 

In my opinion the only originality to the patent is probably the use of two 
electronically conductive layers whereby both electrodes may be composite polymeric cathodes 
containing VgO^, electrolyte phase and carbon sandwiching the polymer electrolyte. However, the 

concepts of electrochemical capacitors and bipolar geometries are well known and'understood fronii 
the open literature. So again the patent reiterates methods and issues that were published in journals 
before the patent filing date. 
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Method For Preparing Encapsulated Cathode Material. U. S. Patent # 4,720.9101 
Jan 26, 1988, 

John K. Rourke,, Gerhart Schwab and 1 Dale R. Shackle. 


i 


This patent describes the encapsulation of the insertion compound in an 
electronically and ionically conducting polymer using a spray drying technique. 

The patent discusses solvent casting techniques described: by North in a TJ.S. Patent 
#4,589,197. Somehow they try to differentiate it with theU.S. Patent# 4,576,883:using 
encapsulation concept although that patent also involves solvent casting technique. 

In this invention^ insertion compounds are encapsulated by forming a dispersion of 
an insertion compound, an inorganic salt and a conductive material in a solution of a polymer in a 
volatile solvent and spray-drying the dispersion to evaporate the solvent and thereby form a particle 
in which the insertion'compound is encapsulated as a core material in apolymeric shell containing 
the inorganic salt and conductive material. By using this cathode in solid state batteries, improved 
performance characteristics are exhibited. Alternatively, the carbon black can be admixed with 
spray-dried particles just as effectively. 

The objective of the invention is to provide encapsulation of the insertion compound 
without agglomeration to yield more active cathode material whereby the polymer shellhas both 
electronic and ionic conductivity. The patent cites typical insertion compounds but prefers ¥>.3 

or V 2 0 5r The preferred polymer is polyethylene oxide and there is a whole range of preferred salts. 


In grinding the insertion compound it is desirable to include some carbon, salt and 
polymer to prevent agglomeration of the insertion compound during or following the grinding 
process. The salt is believed to dissolve in'the polymer. 

The particle size of the cathode particles exiting from the spray-dryer is typically 
<3pm. This is controlled by adjusting slurry' and air pressure in the atomizer. 

* The advantage of the polymer coated particles are the same as those cited'by Hope 

et el.The patent describes several designs of polymer electroly te batteries (vis-a r -vis, disc 
sandwiches, sw.iss-roll and concertinas) already available in the open literature. It then discusses 
that the encapsulated particles cam be coated on to a current collector to forma cathode by dispersing 
the particles in a solution of a binder material such as PEO and coating this compositiomonto tne 
• current collector.(In this way one would expect the cathode composition to change since more PEO : ~ 

. phase is.toeing.added and secondly.the polymer shell encapsulating the V^Oj-should also.dissolve ,. 

in the solution instead of being dispersed.) So one effectively goes back to square one by 
emulsifying the inorganic salt, carbon and polymer in a volatile organic solvent and 

coating onto the current collector. 

Another method for forming the cathode involve coating the current collector with 
the dry encapsulated material and compressing to cause particles to fuse together and adhere to the 
substrates. 

The grinding media in the attritor are steel balls. It is well known that iron 
contamination occurs in organic solvents. In my opinion the spray-drying technique of preparing 
the encapsulated cathode is very original. However, the rest of the patent is again open literature 
Stuff. 


Source: https://www.industrydocuments.ucsf.edu/docs/ttgmOOOO 
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Solid State Electrochemical Device. U. S. Patent # 4,748,542, May 31. 1988. * 
Jorgen S. LundSgaard. 


This patent is a continuation of U.S. Patent # 4,638,407, described earlier, again 
relating to a solid state capacitor. In this case the electrode composition consist only of carbon, 
PEO or any other ionicaily conducting polymer and inorganic salt (in U.S. patent # 4,638,407, 
V^Ojs was also the constituent). Only the concept of the plastic bonded electrode structure for 

capacitor application is described for both uni-polar and bi-polar cells. The bipolar electrode 
composition is extrusion coated on to the surface of the current collector and the electrolyte layer 
which is PEO combined with the inorganic salt is coated on to the electrode layer by either 
extrusion or solvent cast technique. 


Source: https://www.industryd6cuments.ucsf.eclu/docs/ttgm0000 
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Liquid Coating Polymer Networks as Solid: Electrolytes. Ul S. Patent = 
4,792,504, Bee 20.1988. 

Gerhart Schwab, MeLTsu Lee. 


This patent describes polymer electrolytes consisting of cross-linked polyethylene 
oxide complexed with a metal salt and a dipolar aptotic solvent. 

The background of the invention discusses some of the early problfems encountered 
with ionically conducting polymeric electrolytes. Attempts to increase the mechanical strength was 
usually made at the expense in the ionic conductivity and vice-versa. 

An earlier patent by Bauer et al 1 (ITS. Patent # 4,654,279) describes a solid! 
polymeric electrolyte which is a two phase interpenetrated network of a mechanically supporting 
phase of a continuous network of a cross-linked polymer and an ionically conductine phase 
comprising'of a metalsalt and a liquid polymer such as liquid polyethylene oxides (glycols?). 
Representative examples of themechanical]y..supportihgphase include epoxies, polyurethanes, 
polyacrylates, polymethacrylates, polystyrenes and polyacrylonitriles. 

The present patent uses cross-linked PEO as the mechanically supporting phase and 
a metal salt dissolved in an aprotic solvent:. The PEO continuous phase is preferably cross-linked 
-using a polyaerylate cross-linking agent (cross-linking agents described in U.S.Patent# 

3,734:,876). The polyaerylate is reacted with PEO im an amount of 3-6 parts per H00 parts PEO. A 
free radical:catalyst is also required. The preferred solvents are dimethyl ethers of glvcols such as 
PEGDME. 


The concept of this patent is the same as Bauer et al. The only exceptionds that 
different materials are used. Chemical: cross-linking is described. 


Source: https://www.industrydocuments.ucsf.edu/docs/ttgmOOOO 
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Electrode Construction for Solid State Electrochemical Cell. U.S.Patent # 
4,808,496, Feb 28, 1989. Henry F. Hope and Stephen F. Hope. 




Reiterates the UlS. Patent #s 4,576,883 and 4,720,910 with very little additions to 
the patent. A few extra representation of salts have beenincluded. The patent recommends 
polymeric encapsulation of the lithium electrode using a spray-drying techniqpe and depositing.on 
to an Al substrate as described earlier for the cathode electrode layer. 
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Radiation Cured Solid Electrolyte and Electrochemical Devices Employing the 
Same. U.S. Patent # 4,830,939, May 16, 1989. Mei-T.su Lee, Dale Shackle and 
Gerhart Schwab. 


This patent describes a method for forming an interpenetrating polymeric network 
containing atiiquid electrolyte. The mixture consist of a liquid monomeric or prepolymeric radiation 
prepolymerizable compound, a radiation inert ionically conducting liquid and an alkaline metal salt. 
The radiation is actinic to crosslink the polymerizable ionically conducting material and form a solid 
matrix for the ionically conducting liquid. 

The distinction made with the earlier UlS. patent (# 4,792,504) is that U.V. or . 
electron beam radiation is used here to crosslink the polymer. 

The patent describes a method of fabricating anode and cathode half-elements (e.g. 
Li anode coated with radiation polymerizable electrolyte which is;subsequently polymerizedio 
protect underlying anode material): The cathode is made by coating a composite mixture consisting 
of the appropriate materials on to a current collector and subjecting to actinic radiation: 

Alternatively, a cured anode or cathode half element may be assembled with an 
uncured anode or cathode half element and the assembly subjected to radiation to adhere the two 
elements together. In another method uncured anode and cathode half elements are assembled 
together and radiation cured' after assembly. 

Polyethylenically unsaturated monomeric or prepolymonomerics are preferred: 
Examples include reacting a polyethylene glycol with acrylic or methacrylic acid. The radiation 
curable polymers such as polyethylene glycol-300 diacrylate have molecular weights 200-800 and' 
are liquids at less than 30°C. It is desirable to include radiation curable comonomer such as 
tetrahydrofurfuiyl acrylate in the composition to reduce tg and improve ionic conductivity of the 
polymer. The radiation inert liquid can be any low volatile aprotic solvents such as propylene 
carbonate having a boiling point greater than 80°C. The amount of radiation curable polymer and 
inert liquid is adjusted to yieldoptimum strength' and optimum conductivity. 

The anode and cathode half elements are the same as described earlier. The cathode 
material is dispersed in the radiation curable composition'before polymerization. The various form 
of coatings are described in some detail. Numerous claims are also disclosed on the electrochemical 
cell fabrication. In my opinion this is probably the most complete patent so far screened. 


Source: https://www.industrydocuments.ucsf.edu/docs/ttgmOGOO 
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Mead Imaging New Systems Group 


Battery Cell Configuration 



Continuous High-Speed Manufacturing Process 


Metal Foil 



Metal Foil 

Source: https://www.industrydocuments.ucsf.edu/docs/ttgmOOOO 
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jQMFiDENTiAL 

Table 1. Performance of various liquid electrolyte battery systems delivering direct 
power to the heater on the assumption of 10% energy utilization due to 
high power drains (battery size = 1/3 'AA'). 


SYSTEM 


TYPE 


U /v ePl3 (2 2V) SECONDARY 
Li / a-\^0 5 (2.3V) 


Li/V 2 0 5 

(3.0V) 

Li /TiS 2 

(2.1V) 

Li/MoY,O fi (2.3V) 

u/s^ 

(2.9V) 

Li / MoS 3 

(1.7V) 


Li / NbSe 3 

(1.7 V) 

Li / Mo0 3 

(1.9V) 

Li /Mn0 2 

(2.4V) 

Li / MoS 2 

(1.7 V) 

Li/NiPSg 

(1.8V) 

Li / C^Og 

(2.9V) 


Ni/Cd 

(1.2V) 

Ni / Hg 

(1.2V) 


# of Articles @ 
1.5 cal/puff 



# of Articles @ 
2.5 cal/puff 



0.6 

1 

0.4 

CO 

o 

0.5 




PRIMARY 

9.0 

5.5 

Li/(CF) x (2.5V) 

if 

14.7 

i 9.0 


PRIMARY (alk) 

______i 

8.4 

5.2 


* Suitable power capability is unlikely for these chemistries 

Source: https://www.industrydocuments.ucsf.edu/docs/ttgmOOOO 























































CONFIDENTIAL 

Table 2. Performance of a single liquid electrolyte cell (equiv. to 1/3'AA’ size) delivering 
i *'direct power to the heater on the assumption of. 10% energy utilization. 


SYSTEM 

# Articles @ 
1.5 cal/puff 

1 / Amps <5> 

1.5 cal/puff 

# Articles @ 
2.5 cal/puff 

1 / Amps @ 
2.5 cal/puff 

U/VgQig (2.2V) 

10.1 

3.6 (4.3C) 

6.3 

6.0 (7C) 

Li / a-V 2 O s (2.3V) 

8.9 

3.4 (4.9C) 

5.4 

5.7 (8.2C) 

Li/V 2 0 5 (3.0V) 

6.3 

2.6 (7C) 

3.8 

4.4 (11,8C) 

Lii/TiS 2 (2.1V) 

6.9 

3.8 (6.5C) 

4.2 

6.2 (10.6C) 

Li:/MoY,(£(2.3V) 

9.1 

3.4 (4.8C) 

5.5 

5.7 (8.1C) 

Li / SQ, (2.9V) 

8.8 

2.7 (4.9C) 

5.5 

4.5 (8.2C) 

Li/MoSg (1.7V) 

6.9 

4.6 (6.2C) 

4.2 

7.7 (10.4C) 

Li/ 4^0 8 (2.4V) 

6.9 

3.3 (6.4C) 

4.1 

5.5 (10.7C) 

Li / NbSe 3 (1.7V) 

6.4 

4.6 (6.8C) 

3.9 

7.7 (11.4C) 

Li/Mo0 3 (1.9V) 

5.9 

4.2 (7.6C) 

3.5 

6:9 (12.5C) 

Li/ Mn0 2 (2.4V). 

5.5 

3.3 (8.1 C) 

3.4 

5.5 (13.5C) 

Li/MoS 2 (1-7V) 

4.5 

4.6 (9.6C) 

2.9 

7.7(16.1 C) 

Li / NiPSg (1-8V) 

4.4 

4.4 (9.9C) 

2.8 

7.3 (16.5C) 

Li / C^O B (2.9V) 

4.6 

2.7 (9.4C) 

2.7 

4.5 (15.7C) 

Li/U 4 Mc^O J2 (1.4V) 

3.4 

5.6 (12.8C) 

2.1 

9.4 (21.6C) 

Ni/Cd* (1.2V) 

0.6 

7.2 (65C) 

0.4 

11.9 (108C) 

Ni/H 2 (1.2V): 

0.8 

6.6 (53C) 

0.5 

10.9 (87C) 

Ni / Hydride** (1.2V) 

2.5 

6.6 (29C) 

i 1.5 

10.9 (48C) 




J 


Li / SOCI 2 (3.0V) 

9 

2.6 (4.8C) 

5.5 

4.4 (8.2C) 

Li/(CF) x (2.5V) 

14.7 

3.2 (3C) 

9.0 

5.2 (4.9C) 

Zn / MnQ 2 (1.4V) 

8.4 

5.6 (5.2C) 

5.2 

9.4 (8.7C) 


*From Sanyo's data 
"Extrapolated from Ovonic's data 

••‘Suitable power capability is unlikely for these chemistries 

The C rates expressed in column 3 and 5 are based on the theoretical cathode capacity (except for 
Ni/Cd and Ni/Hydride that are based on practical rated capacity) calculated using only the mass of active 
cathode and number of electrons transferred. 

Source: https://www.industrydocuments.ucsf.edu/docs/ttgmOOOO 
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CONFIDENTIAL 


Table 3. Assessment of the # of articles (1 Opuffs/article) for liquid electrolyte batteries 

assuming 30-40% energy utilization because of the reduced power drain achieved 
through the application of capacitor charge storage and calculated for 2.5 cal/puff 
(the combined volume of a one-, two-, or three-cell battery pack is equivalent to 
1/3*AA' size).. 


SYSTEM 

No. of Articles / Average Cell Voltage (V) 

Discharge 
Rate for 

One Watt Qf 
Power •* 

One Cell 

Two Cells* 

Three Cells* 

1 

V O 

6 13 

(19-26)/2.2V 

(15-21)/4.4V 

(14-19)/6.6V 

C /1.9 

E9 

(16 -22)/2.3V 

(13- 18)/4.6V 

(12- 16)7 6.9V 

C/1.6 

mm 

(12-16)7 3.0 V 

(10- 13)7 6.0V 

(9- 12)7 3.0V 

C/1 

TiS 2 

(13 -17)7 2.1V 

(10- 14)7 4.2V 

(9 - 12)7 6.3V 

| C / 1.2 

Mn(D 

2 

(10-14)7 2.4V 

(8-11)7 4.8V 

(7-10)/7.2V 

C/li. | 


* The number of articles from a two and three cells battery pack are estimates based 
on packaging inefficiencies in reducing cell size. 


Source: https://www.industrydocuments.ucsf.edu/docs/ttgmOOOO 
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CONFIDENTIAL 


Table 4. Assessment of the # of articles (lOpuffs/article) for polymer electrolyte batteries 
assuming 30-40% energy utilization because of the reduced power drain 
achieved through the application of capacitor charge storage and calculated for 
2.5cal/puff (the combined volume of a One-, two-, or three-cell battery pack is 
equivalent to 1/3'AA' size).. 


SYSTEM 

No. of Articles / Average Cell Voltage (V) 

Discharge 
Rate for ,, 

One WatUff 
Power 

One Cell 

Two Cells* 

Three Cells* 

V 6°,3 

(2® - 34) /2.2V 

(21 - 27) / 4.4V 

(19 -24) / 6.6V 

C/2.5 

a - V 2°5 

(17-23)/2.3V 

(14!- 18) /4.6V 

(12- 17)/ 6.9V 

C / 2.3 

c-V 2 ° 5 

(9- 12)/3.0V 

(7-10)/ 6.0V 

(6-9)7 9.0V 

1.2C 

TiS 2 

(13-17)/2.1V 

(10 - 14)/ 4.2V 

(9- 12)/6.3V 

l 

C / 1.3 

Mn0 2 

(10 - 13)/ 2.4V 

(8- 10)/4.8V 

(7-9)/ 7.2V 

C/1 


* The number of articles from a two and three cells battery pack are estimates based 
on packaging inefficiencies in reducing cell size. 


Source: https://www.industrydocuments.ucsf.edu/docs/ttgmOOOO 
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CONFIDENTIAL 

Table 5. Assessment of the power density for various battery systems derived 
from practical cell data. 


SYSTEM 

COMPANY 

Power / mW/cm 2 

Power / mW/cm 3 

Li/TiSl, 

EIC 

1.55-12.4 

8.1 - 65.2 

it 

EVEREADY 

2.1 

6.2 

it 

R & P Council 
(Canada) 

2.1 - 4.2 

— 

ii 

W. R. GRACE* 

3.15 - 6.3 

133 

n 

JPL 

4.2 

30 

it 

HONEYWELL 

10.5-42 


ii 

j IREQ“(Canada) 

0.2 - 1.68 

>57 

Li/c-V,0 5 

SAFT 

1.5-3 

24 


i HONEYWELL 

15-60 

— 

Li/a-VO 

2 5 

NTT(Japan) 

1.2-6.9 

— 

M 

YAMAGATA UN«V. 
(Japan) 

2.3 

— 

II 

LABCOM 

2.3 

— 

Li / VO 

6 13 

TIANJIN INST. 
(China) 

1 .Ii 

8.8 

II 

HARWELL*“(U.K.) 

33 

660 

II 

HARWELL"" 

0.58 - 22 

100 - 300 

II 

UNIV. of MN.*““ 

1.1 - 4.4 

50 - 200 

Li/Mn0 2 

MOLI 

2.4 - 24 

380 

Ni/Cd 

BATTELLE 

6-75 

25-155 

Ni/H 2 

BATTELLE 

7.2 - 37.2 

— 


* based on thin film concept 

“polymer electrolyte battery 

*“ polymer electrolyte battery (thin cathode concept) 

““polymer electrolyte battery (thick cathode concept) 

'““polymer electrolyte battery (thick cathode concept) 


Source: https://www.industrydocuments.ucsf.edu/docs/ttgmOOOO 


2020128901 






eJrfca-f 

Ccymrr^uzu <\My ^t Z)< ^L u . Cjl Q 

errs > cu£ c.a.p<*Jo(^_ ■&£- 
S Ck -nS^ji’vej “f^-O. n-^ve^ ~P a ~T’ CK_ p><5-US€^T 

S’cr^-rcA- -fo-r 4£-e p- p-rc^z_cf. 

£_0 N>~« ' 

6 -, /o'. - K^-^ 

^ u-.fc— H^‘^ T' c 



CO 


^ _ p/U^r -eW^H^- 




fO 

o 

fO 

o 

K 

t\5 

05 

C£ 

O 

N 


Source: https://www.industrydocuments.ucsf.edu/docs/ttgmOOOO 



C068ZI0202 



Source: https://www.industrydocuments.ucsf.edu/docs/ttgmOOOO 



-S' 

x ^r 


2020128904 



Source: https://www.industrydocuments.ucsf.edu/docs/ttgmOOOO 



WTT 



Source: https://www.industrydocuments.ucsf.edu/docs/ttgmOOOO 



<**&*- ^ L; Mfer^ 

e ' 3 ' # A)QcO S^lts &U£CCnt*Q+zQ 


L» A3 


-^fhorvcjf irrml.^ 


ComA$ (o€l h^0.c7s^i^vv«^ ^trC L< 4 s 1 %L 

uA-v\ c^\ VO 4r> x_1 C_ - 


Srf fU*i\ & k. -Sepa-fBO^S 

H < 5 t ' 


°-02_ 


Conrs^^cikLTaJfe^. i>fn ^>^TSn) Q-rn < ersJ^ > rr> l-^( 

C^cJb\r\e^ 4 nj ^opirvo^ 

^VUfi, uM'fK KOH % 

<&cj t,CF 5 S0 3 tlflliumv Iri^ 0 fD(»vi.(^^w<L ^^pkstWi! 

AcAAV^ctn ^ F(i^feuQs 4 t> Ake_ -^jecWt^ 

-ft> CorvW^ U-i rC'Crfp^vMo^cvj 


Source: https://www.industrydocuments.ucsf.edu/docs/ttgmOOOO 


2020128906 




2020128907 


Source: https://www.industrydocuments.ucsf.edu/docs/ttgmOOOO 



2020128908 



Source: https://www.industrydocuments.ucsf.edu/docs/ttgmOOOO 




Source: https://www.industrydocuments.ucsf.edu/docs/ttgmOOOO 




p Ct'fvJ CAf~d_ 

issues, 4UoJ: s 4z> 6e oiiyUsca^ 


^ ^ ~H^G_ |__| p Sjjj^yv \ n y ~ 

v ^CLkr\olo<^ ' 0 

Y^ckivsl&e^ -^a-r n-e.cu~— 4 ^j~yy> 

£>fc\e.c--ta o -QJ~> . 

HcnjOftAl-S-C Qj a^jLA <0- £rro^o«^' C. ^>Ccf<vijji^ 

s^tc t-e. H>#- 

£r<=rrrs «- *%'h=u-^^i| p^ A >' 




Source: https://www.industrydocuments.ucsf.edu/docs/ttgmOOOO 



'"SjCXcU. 8? OaW 

VO<$ac=»J^- Ccjrkoil-G. cic»v«SS "3^ 

odbcrvJ- V^>jAjrr*. Ia^'Hs 4W lUn 

CodH~oilQ. f 

ov^T <&D s , <*" *£ 

ovjOT 3s f*k*-, a* <»***#■ 0 ’ ?ft 

cv^r lO^s ***-«- ^ —^tT ^ l '^ ft 


*dl co^, ?^ 

ou^re^ir us^ > \ A • 

. k ‘ 0 ^(cSL-H^ 

3 t ^ «*“(, rf o «S A* 

^ -KL> L ■ - -HnoJvC <t-eitA-. 

oU( _ e _ ^©■s'&'Of 6 - y~ crrr ' 

_ f\ ' T- p r^>Jt4^ NO \ — ts 6 ^ ^ 

^ ^^-^3 «r ® as( ^ ecaus 

L, 0,rA-d-‘^3 fe -„{U> 

^- 7 1 tol ti**-ra 

A. cAJL&vS^-^ V s * .a A 


OT\ 




'JB iAre*<> 


ource: https://www.industrydocuments.ucsf.edu/docs/ttqmOOOO 


2020128911 


C.©vjT\ 



— [ { ourVv 

^rcrrrs 'HvQ_ - 

UVe^Vf ^ 30 1 & flHv&r X tw^vtc 

wrtVx H wWtJvs 

or <&W&yj£lQ bo_ 4 k<=Aj^ 

(r( osuo^lt 3 d^Jit U 5 <x^ &fii&rech_<Q o^ IT£ 

X&fyO, \Tc*IIqvJ- 

ir\ G£rCp<^ 1 ~ C5 '^ f^£ 3 YYN 

cc r v\(jluxJU'-^ ^JWmp-r 
sWrv\Q-$ %cir <5>o,rKL t^stiaJU-. 


^ OWT v^e Uo^e ^ 

p ulsJL AA>a-rvj \5s Y*" r 2-^- rY " ,r ' ■ 

'’’Was v> ve^sok^ 4 

So toJW^V, ,Wo ^ 

P^no Jl -fk-T >-^<^«^- 


Wc. 


PO 

o 

PO 

o 

►* 

PO 

00 

(£ 

K 

PO 


Source: https://www.industrydocuments.ucsf.edu/docs/ttgmOOOO 



f\£> rve-e_£i -f®-r Jtc. - <=&c C(*v\o^r^ri 
neAo^ae^ <&o^r -*xkc« 

4 &^^C^"sd-v-<-*€- M S- 6 _ laJ 7 LC 6 €. ilesg ~tkc*,r\ 
in cv ^nrvspjt. (sovAfe^y "S^ e_=y-uvA=>-Qflui L 
‘TO TP- . 


j-a/ ) cj£P-Q_ (soJ^cv^sca (vo vo «vn 1SSUA-, 
h QQ A s. 4 r> t«- tfv^Q+eiSAeS 


kerde-T v-e-S^Aw-v ca_ r ^ 2x2 ^ s 


(\ ^skr^of ^/UviJ-r 

e '^■ a ' +<-“«- 

a^-a_ fto co-rroV'Ovs ^rCtU^S ^ 


-*U Wo^>^- " T '^ s 

S«-4W(>W 

cJ&i) fee- ■ +tjue4 g 

-| 4 v A CO^ft^-A"" C-^A *V* „ 


c_ cans 


Source: https://www.industrydocuments.ucsf.edu/docs/ttgmOOOO 


2020128913 



2020128914 




Q 


eee>nnrc<e<\j£> fVrcoAo s> 


* Oblou.^ bcoMexiai fer(T\ (Y\$aQ 

-p&~f Gw cJLu-oJH &-v\ j^neecA- c.eil Jb menii vvs^ 

‘ <k^n^jr b ^ u ^ /K 

<^fe 7 ^cfijvl^< 3 VvS 

Jk: | ooks ^Tottm *Sn>^ / 'H^s\ tf>€- 
C.^brr\ O-rsS^rv'ftfiLK.Q ^efiA.«, C-fCccf CgO^s) 
«.v-n^L k^H\ in *= 2 rtn\^ 2 fi_ <L«ilQ_ 

«jr\§^ ffNuJl^i — UCrvv1~^ , 


/ ®jjj(2 us©. ^ir crr\b^ ~1 C> b ^ Sr^r 

Aucmts^rt 4w i^«WW 


CC 5 nr\\b nw ^' '^ r * 


rffiv 4Uo . 


U5e_ C^crs rrsoS<A~ 4ry 

<:: 5^^5^V^U>Jh ’Hsfi- PJUJO r*J-c 

ynCX c*\iB<oc£U^ &T \nsQjtri&r\ 





2020128915 


Source: https://www.industrydocuments.ucsf.edu/docs/ttgmOOOO 



£i ^oaiurd^. 




^(-ecVe>cl\£*\A-te’cJ-Q C £^ r 7 V'£>!-^ >c 

■Qjrv^r^y <=^~tck^o 

CouyW^j l-a t>ocH^4n-e^ Ct>-€_ r\c>4~ 

l/oejj iA.rs &JW’%*C&&Q P^-cx.ojP 

<5"T AJ> c " C <9- om-JS. . "Tko<j Cj£rv<Q£) 

be oain.^a.b/■€ H> 


• WriCcnriSi^Wn^'t-*-^! \v-i Orvxry>A^xti’- t ^- 

# U-rvOt^^Lic-^-^^e 4 re_ a-f 

y < 3 <e^ko^ +0 Bf***±*^ 

* CjctaWIs e**-^ ^/oviwjs^Ht 

ou-e_ r\ac_<A-i 2 . <9 

ou-e_ n^c^ sa> ^j 


ro 

o 

fO 

o 

h* 

N 

CD 

CD 


Source: https://www.industrydocuments.ucsf.edu/docs/ttgmOOOO 



